Food webs are networks of species that feed on each other. The role that within-population phenotypic and genetic variation plays in food web structure is largely unknown. Here, I show via simulation how variation in two key traits, growth rates and phenology, by influencing the variability of body sizes present through time, can potentially affect several structural parameters in the direction of enhancing food web persistence: increased connectance, decreased interaction strengths, increased variation among interaction strengths and increased degree of omnivory. I discuss other relevant traits whose variation could affect the structure of food webs, such as morphological and additional life-history traits, as well as animal personalities. Furthermore, trait variation could also contribute to the stability of food web modules through metacommunity dynamics. I propose future research to help establish a link between within-population variation and food web structure. If appropriately established, such a link could have important consequences for biological conservation, as it would imply that preserving (functional) genetic variation within populations could ensure the preservation of entire communities.
INTRODUCTION
Community genetics addresses the question of how, and to what extent, within-population genetic variation may affect ecological processes, including the outcome of interactions among species. Usually, when community genetics studies extend beyond one trophic level, these focus on how genetic variation among herbivores or their host plants affects herbivore performance [1, 2] or on the bottom-up effects of plant genetic variation on herbivore and predatory arthropods ( [3] [4] [5] ; reviewed in [6, 7] ). One exceptional study, however, focused on genetic variation in a ladybird predator [8] , and how an indirect effect of plants mediated by the ladybird's prey (aphids) could affect the phenotype and performance of different ladybird genotypes, demonstrating genetic variation in the response of ladybird traits to an indirect ecological (bottom-up) effect. However, research on how, and whether, genetic variation within predator populations affects ecological processes is greatly needed.
Food webs are networks of interacting species that feed on each other. Predator-prey interactions are central in understanding the mechanisms behind food web dynamics, and genetic variation in both predators and prey could largely explain these dynamics. For instance, genetic variation and rapid adaptive evolution can dampen population fluctuations in predator-prey systems [9, 10] . However, beyond rapid evolution, there is almost no information on how genetic ariation in predator traits affects food web dynamics at ecological time scales. Trophic polymorphisms are widespread, for instance, among fish [11] [12] [13] and this polymorphic variation may be genetically driven [14] . However, the ecological consequences of these polymorphisms have rarely been studied (but see [15, 16] ). In particular, how within-population genetic variation in traits that affect predator-prey interactions could determine food web structure in ways that could enhance its robustness and stability, is largely unknown. In this paper, I propose a series of traits whose variation has the potential to affect food web structure, and provide a series of ideas for how these structural changes could affect food web dynamics, as well as the robustness and the stability of these ecological networks. I use simple computer simulations to document the potential effect of trait variation on food web structure and provide a framework for future research. I argue that explicitly considering genetic variation of traits within populations can serve to link the preservation of variation in populations to the preservation of entire ecological networks and metacommunities.
(a) Food web structure, robustness and stability The relatively wide diet of generalist predators can greatly shape the structure of food webs and the subsequent dynamics of these widespread ecological networks [17 -21] . One important feature of generalist predators that may strongly shape food web structure is intraguild predation (IGP; [22, 23] ), by which potential competitors that share prey kill and consume each other. As conspecifics share the same resource requirements (i.e. they belong to the same guild), cannibalism, or intraspecific predation, is similar to IGP (e.g. [24] ). This type of predation confers upon food webs a high degree of omnivory-i.e. when predators feed on more than one trophic level-and may even lead to feeding loops in food webs-the shortest loop is reciprocal IGP between pairs of species [25] . Widespread omnivory of generalist predators can in turn modify another two key food web structural properties: the distribution of interaction strengths and connectance. Interaction strength may be roughly defined as the effect of one population on another (see [26] for a review), while a measure of connectance would be the proportion of all possible links that are realized [27] . Understanding the structure of food webs in terms of connectance, the degree of omnivory, the strength of interactions and its variation across species, as well as the length and density of loops, is crucial to understanding what drives food web dynamics, robustness and stability (e.g. [20,28 -34] ; but see [35] [36] [37] [38] [39] [40] ).
(b) The traits: growth rates and phenology versus body size One of the most important traits that explains 'who eats whom' in many food webs is body size [21] . Successful predation may largely depend on the body size ratio between the predator and the potential prey, predation being more likely to occur at larger ratios [41] . This causes diets to be highly nested within food webs, with the diet of smaller generalist predators nested within the diet of larger ones [21] . In addition, since in natural communities, larger animals are usually less abundant [42] , larger top predators are much less abundant than intermediate or basal species [21, 43] . These differences in abundances must probably affect the strength of interactions [26] . Also, predator -prey body size ratios are positively associated to interaction strengths [44, 45] and can thus be linked to food web stability in turn; with larger ratios leading to more stable food webs [46] . However, as species embedded in food webs have ontogenies and growth, body size is a highly dynamic trait that will change through the ontogeny of every single individual. Thus, when one aims to investigate the role of trait genetic variation on food web dynamics, (adult) body size is not an appropriate trait, as it will only include a snapshot of the interactions experienced by each species in the food web.
Here, I argue that to study the role of genetic variation in food web structure, we should focus on two key traits whose genetic variation may largely affect food web structure and dynamics, growth rates and phenology (e.g. emergence date). Genetic variation for intrinsic growth rates has been widely documented (reviewed in [47] ), even for generalist predators [48, 49] . As body size changes with ontogeny, genetic variation in growth rates leads to variation in body size ratios between predators and prey, and may thus determine 'who eats whom' as the season progresses. Similarly, traits that are genetically variable and are related to phenology independently of growth rate (such as hatching time-e.g. [50] ) will determine the distribution of body sizes through time and thus influence feeding interactions. Hence, higher genetic variation in growth rates and phenology can expand the diet breadth of populations and thus modify the entire structure of food webs, potentially affecting the robustness and the stability of these ecological networks.
(c) Can genetic variation in growth rates and phenology contribute to food web structure? The amount of genetic variation among interacting populations can increase the chances of coexistence [7, 51, 52] . Similarly, increased genetic variation in growth rates and phenology can hypothetically change the structure of the food web, i.e. increasing connectance and changing the distribution of interaction strengths, by continuously changing the ratio of body sizes between predators and prey through the season (figure 1). Additionally, higher genetic variation in growth rates expands the window for intraspecific predation (cannibalism), as the ratio of body sizes between the fastest and the slowest growing genotypes will be sufficiently high through a longer period during the growing season ( figure 1) .
Below, I use computer simulations to investigate whether realistic amounts of variation in growth rates and phenology within an intermediate consumer can potentially affect (i) the number of trophic links that this consumer holds with other species in the web; (ii) the magnitude and variability of interaction strengths for these links; and also (iii) the degree of cannibalism (omnivory).
(d) Genetic variation in growth rates (i) Method For simplicity, I assume that all variation in growth rates has a (quantitative) genetic basis. However, some of the predictions may apply equally well to environmentally driven phenotypic variation. Nevertheless, this is just a preliminary investigation of how genetic variation within a food web can contribute to determine its structure. What I investigate in this paper is merely how variation in growth rates and phenology (see below) may contribute to change the predator-prey ratios through the season, and how this may widen or narrow the window for predation. With this information, and based on predator-prey body size ratios, I then estimate the potential of a population to establish links with other populations in the food web, as well as how strong and variable these links could potentially be.
I simulated a population (hereafter, the target population) of generalist predators with high genetic variation in growth rates (20 genotypes differing in growth rates and/or phenology, see below) and another with low genetic variation in growth rates (20 genotypes differing less among each other). Each target population was simulated to be embedded in a complex food web, interacting with other generalist predators (20 species, see below). For each predator -genotype pair, I then estimated what I call the opportunity for predation
where L is the number of species with which the target population can potentially be linked (i.e. those species for which OP i in equation (2.2) below is higher than zero), G is the number of genotypes in the target species (20 in these simulations) and D is the season length (in days); and taking r ijk as the body size ratio between species i and genotype j at day k,
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where R is the minimum predator -prey body size ratio beyond which predation will occur (figure 1). I ran simulations with four values of R (1, 2, 3 or 4), which lay well within the natural range of predatory -prey interactions for invertebrates [41] . Two values were obtained, one for the target species acting as predator (an estimate of the room for generality-number of prey species consumed-using the genotype/species ratio r jik instead) and another for the target species acting as prey (an estimate of the room for vulnerability-number of consuming predator species-using r ijk ). Since more days in the season having the opportunity to feed on each other increases the chances of predation, this opportunity for predation can be thought of as an estimate of the potential interaction strength between two members of the food web. However, as interaction strength will also depend on the relative abundances of each predator and prey (e.g. [26, 53, 54] ), to better approach true potential interaction strengths, I also calculated the relative opportunity for predation (rop ij ), for which I multiplied each opportunity for predation (op ij ) by the abundance predator/prey ratio (a i /a j ) and then calculated ROP i and ROP as OP i and OP above (equations (2.2) and (2.3), respectively). For simplicity, I assumed that all genotypes in the target population were equally abundant. Furthermore, as variation in interaction strengths can also be important for determining food web stability, with a few strong and many weak interactions determining stability [29] , I also calculated the across-species coefficient of variation for both the opportunity for predation (CV-OP) and the relative opportunity for predation (CV-ROP). For simulations, I use abundance and body size data obtained from the community of arthropod generalist predators of a deciduous forest-floor food web in Central Kentucky, USA [55] . For simplicity, I include only the 20 more abundant taxonomic groups (.0.2 m
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). Most of these predators (18) are spiders, a group of generalist predators for which the foraging biology is quite well known (e.g. [24, 56, 57] ) and for which genetic variation in growth rates has been previously documented [49] . The other two predators are centipedes (Lithobiomorpha or Scolopendromorpha-further details can be found in the study of [55] ). Only a relatively small set of interactions has been experimentally solved for this food web (e.g. [55, 58, 59] ). However, as spiders are known to be intraguild predators that readily feed on each other if size differences are large enough, here I assume as a first approximation, that the body size ratio is the only predatory constraint. Thus, all generalist predators in this web should be able to feed on each other if size differences are large enough.
I simulated variation in growth rates for a predator of intermediate body size at maturation (Xysticus, the spider ranked 10-over 20-for adult body size). For simplicity, I assumed that all predators were univoltine. This assumption does not probably hold, as The asterisk shows the average size of another predator species in the community (the growth curve has been omitted for simplicity). Following equation (2.1) and taking R ¼ 2, the population with high genetic variation in growth rates will have sufficiently high predator-prey ratios (solid, doubleheaded arrows), for both predating upon the asterisk species and being predated by it, while the population with low genetic variation (dashed, double-headed arrows) will not be able to trophically interact with the asterisk species. Furthermore, when high genetic variation in growth rates is present, predator-prey ratios will also involve a higher opportunity for intraspecific predation (cannibalism), which is represented here by the distance between the two grey solid vertical lines. The space between the two grey dotted vertical lines represents the lower opportunity for intraspecific predation when low genetic variation in growth rates is present. A growth rate, mortality trade-off is also apparent by the shorter lifespans of individuals with genotypes determining faster growth rates. Including genetic variation in phenology involved establishing high or low variation in the timing of the season in which minimum body sizes were present (i.e. around the x-axis).
some groups show overlapping generations and a single peak of adult emergence ( J. Moya-Larañ o 2000 -2002, personal observations), thus strongly suggesting that some species in this forest-floor food web take more than 1 year to mature. However, assuming growth to maturation in a single year, probably included roughly the same body size stages as including real growth trajectories and the different overlapping generations. The only thing that probably changed was the timing at which each instar was present in every stage of the season. Unfortunately, we lack the necessary information to include real phenologies and growth rates. However, to test the robustness of the results and to add a second (orthogonal) axis of genetic variation, I also simulated the effect of variation in phenology (see below). Since, to my knowledge, there are no published accounts of growth trajectories in Xysticus, I here use the published curves for the wandering spider Pardosa prativaga from Northern Europe [60] and fitted the following three-parameter logistic curve to the two most extreme growth curves (the slowest and the fastest):
where s is size, s max is the maximum asymptotic body mass, t is age in days, and b and x 0 are the logistic parameters fitted. I chose to fit this equation because a close to perfect fit (i.e. r 2 . 0.97) be could easily achieved and only three parameters needed to be used to simulate variation (instead of the fourparameter Von Bertalanffy equation [61] , which in addition is not appropriate for arthropods [62] ). In any case, whatever the fitted equation, what matters for the present simulations is the shape of the curves, which are based on real growth trajectories. [55] data were collected). The assymptotic body size parameter s max was set to the maximum body size recorded in the field for Xysticus (s max + s.d. ¼ 12.4 + 5 for high genetic variation). Body size was approximated to body mass by inputting body length in published equations for spiders and centipedes [63] . I introduced a tradeoff between lifespan and growth rate [64, 65] , by first obtaining the longevity (l ) of each of the 20 genotypes (l + s.d. ¼ 180 + 15) and then subtracting twice the body size at maturation from that value. The population with low genetic variation had half the variation in all parameters:
, including longevity, which was necessary in order to include similar growth rate/longevity trade-offs in both populations. For simplicity, I assume that all genotypes are born on the same day of the season and then tested the robustness of this assumption with additional simulations including variation in the phenology of emergence (see below). The adult body ranges for the populations with high and low genetic variations were (in milligrams): high, 3.6 -20.6; low, 5.3 -15.9. These ranges lay well within the intraspecific natural range of Xysticus species [66, 67] .
The growth curves for the community of 20 species of generalist predators were generated with identical b and x 0 average parameters as above, while s max followed the maximum body size observed for each species (group) in Moya-Larañ o and Wise's dataset. However, no genetic variation for these species was assumed and thus only one single curve was constructed for each species. All other procedures matched those of Xysticus, with the exception that since larger species live longer, I set across-species lifespans according to the equation:
, where M is body mass [68] . The final range of adult body sizes was 0.3-98 mg.
Finally, to obtain op ij and rop ij , I contrasted the 20 curves of the high genetic variation population against the curves for the 20 species and did the same for the population with low genetic variation. Within each Xysticus population (high and low genetic variations), I also calculated the opportunity for intraspecific predation by contrasting the 20 genotype growth curves against each other.
(ii) Results When a population of the spider Xysticus is embedded in a complex food web, the amount of genetic variation in growth rates can positively affect the number of potential links that the population establishes within the food web. However, this occurs only when Xysticus acts as predator (generality), not as prey (vulnerability, table 1). Furthermore, again only when Xysticus acts as predator, as the threshold of the predator -prey body size ratio for predation (R) increases, interactions have the potential to be much weaker (ROP in table 1) and much more variable (CV-ROP) in populations with high genetic variation. Actually, when R is as high as 3 or 4, these effects are very strong regardless of whether species abundances are taken into account or not (compare OP to ROP, and CV-OP to CV-ROP). In addition, the higher the amount of genetic variation of growth rates, the higher the potential for cannibalism (table 1) . This last trend is also much stronger as R increases.
Other results were less robust and thus not as relevant. When R is 2, interactions (Xysticus as predator) seem weaker (ROP) and more variable (CV-ROP) in populations with low genetic variation in growth rates relative to populations with high genetic variation (table 1) . However, this effect is probably the result of a synergistic effect of genetic variation in growth rates and the particular distribution of abundances of the species used in the simulations. Looking at OP and CV-OP, the picture changes substantially, even suggesting stronger interactions when genetic variation is low. Similarly, when Xysticus acts as prey and R is 3, interactions are potentially more variable (CV-OP) in the population with low genetic variation (table 1) .
However, after weighting for species abundances (CV-ROP), this difference disappeared.
(e) Genetic diversity. Adding a second axis of genetic variation: phenology Below, I expand the simulations to a second trait, phenology, understood as the date in which the offspring emerges into the population. First, I simulate the potential effect of genetic variation in food web structure when phenology (emergence date) is tightly genetically and negatively correlated to growth rates. This implies that a faster growing genotype, that matures and reproduces early, will have early-hatching offspring. Second, I simulate variation in phenology as a completely independent (orthogonal) axis of variation relative to growth rates. Note that higher genetic variation in two orthogonal axes (growth rates and phenology) will translate into higher genetic diversity (e.g. genetic variation across orthogonal axes of variation- [69] ; see also [70] ) relative to the scenario of tight correlations between growth rate and phenology. Third, to contrast the effect of this trait with that of growth rate, I also simulate phenology as the only trait showing genetic variation.
(i) Method The Xysticus population with high genetic variation included a hatching time window of 50 days, while the population with low genetic variation included a hatching time window of 27 days. These lay well within the window in hatching time observed for at least the spider Lycosa tarantula in nature, which can be as high as 98 days [71] . I ran these simulations only for R ¼ 3 when Xysticus acts as predator and calculated L, ROP and CV-ROP, as this set of parameters was the most affected by genetic variation in growth rates. For the first scenario, tight genetic correlation between growth rates and phenology, I estimated hatching time (H ) as: H ¼ 22l/3 for the population with high genetic correlation and as H ¼ 2l, for the population with low genetic correlation (where l is longevity). To simulate orthogonal axes of variation (second scenario), I randomly permutated the hatching times among the 20 genotypes from the first scenario. For the third scenario (effect of phenology alone), I used the same H as in scenario 1, but set all genotypes to have identical (average) growth curves.
(ii) Results Adding genetic variation in phenology has a dramatic effect on the potential number of links that Xysticus can establish as a predator (table 2), increasing from five (low genetic variation) to almost maximum of 17-19 (depending on the scenario) for the population with high genetic variation. When phenology is tightly correlated with growth rate, interactions have the potential to be 2Â as strong with low genetic variation and 1.7Â as variable with high genetic variation. When growth rates and hatching date are allowed to vary independently, this figure changes to 3.5Â and 2.3Â, respectively, suggesting additive effects of orthogonal axes of variation. When only variation in phenology was considered, the figure was intermediate (2.7Â and 1.9Â, respectively). Interestingly, adding phenological variation opened up the window for cannibalism in the population of low genetic variation (compared with table 1) and differences between populations of high and low genetic variation were not as high as for growth rates. Thus, the smallest variation in phenology may have profound effects on the opportunity for cannibalism.
(f) Genetic variation can potentially contribute to food web structure These simulations show how a generalist predator population embedded in a complex food web has the potential to prey on a greater number of predator species if genetic variation in growth rates and phenology within the population is relatively high. Furthermore, more genetic variation can decrease the average strength of predator-prey interactions and also increase the variation in interaction strengths across species pairs. These effects become much stronger as the threshold predator -prey body size ratio for predation to occur increases. Moreover, higher genetic variation in growth rates leads to an increase in the potential for cannibalism, particularly when the threshold body size ratio for predation increases. Variation in phenology can largely determine the number of established links in the food web and has the potential to act additively with growth rate to determine weaker and more variable (few strong, many weak) interactions. In addition, the slightest increase in phenological variation has a great impact on the potential for cannibalism. This is in agreement with recent findings that show how both family variation in growth rates and high variability in emergence date, can largely explain juvenile -juvenile body size ratios and juvenile -juvenile cannibalistic rates in a natural population [71] . However, neither variation in growth rates nor in phenology seems to affect the potential for vulnerability or its variability (see §5).
(g) Consequences for food web robustness and stability The above results show how an increase in genetic variation within populations embedded in food webs can potentially increase the connectance of the web (number of links), and can decrease the average interaction strengths as well as increase the variability in interaction strengths (i.e. there are many weak and few strong interactions). Also, considering that cannibalistic individuals are more likely to feed on more than one trophic level, high genetic variation in growth rates can increase the degree of omnivory. Moreover, as the number of predator species that feed on Xysticus would remain maximum and unaltered with genetic variation (table 1) , an increase in the number of predator species incorporated in the Xysticus diet as prey and a decrease in the average interaction strengths with increasing genetic variation, suggests that the number of weak and long feeding loops in the web can also increase with genetic variation. All these structural properties have been documented to increase the robustness [20, 30, 31, 36, 72] and the stability [28, 29, 32, 38, 39, 72] of food webs. Interestingly, the effect of higher genetic variation can be more pronounced as predator-prey body size ratios increase. Thus, as higher ratios also lead to more stable food webs [46] , all of the above effects could act synergistically to determine food web stability. It seems that an increase in genetic variation of growth rates and phenology within populations embedded in food webs has a strong potential to contribute to the robustness and the stability of naturally assembled food webs.
(h) Consequences for trophic cascades Trophic level omnivory can dampen indirect ecological effects, such as trophic cascades, i.e. top predator indirect positive effects cascading down through the food web by the suppression or the frightening of intermediate predators [73] . The fact that the intraspecific opportunity for predation increases substantially with increasing genetic variation in both growth rates and emergence date, strongly suggests that high genetic variation may lead to sufficiently high levels of trophic level omnivory for dampening trophic cascades. Notice that stronger cannibalistic interactions with high genetic variation suggest that this could also be the case for intraguild predators belonging to different species when both have high genetic variation, and as long as species pairs are sufficiently similar in size. Thus, high genetic variation can potentially increase the interaction strength among similar-sized species-increasing the potential to dampen trophic cascades-while decreasing interaction strengths and increasing among-strength variability across trophic levels. The dynamics and balance of all these interactions will depend, among other things, on encounter rates, which will depend in turn Table 2 . Results of a simulation adding genetic variation in phenology (i.e. hatching or emergence date) to the genetic variation in growth rates of Xysticus ( on the spatial distribution and the relative abundances of each species.
OTHER POTENTIALLY RELEVANT TRAITS: MORPHOLOGY, LIFE HISTORY AND ANIMAL PERSONALITIES
Other traits that have not been simulated here could also potentially affect food web structure. For instance, some morphological traits may grow allometrically with body size, and may independently affect the outcome of predator -prey interactions, such as jaw and head dimensions for catching prey (e.g. [74] ) and leg length to run faster (e.g. [75] ), the latter allowing both escaping predators and capturing prey more efficiently. Similarly, genetic variation in diet breadth (independent of body size) should be included in future studies. Diet breadth has been documented to have a genetic basis [14] ; it may be associated to morphological differences and it may be highly variable among individuals (e.g. [12] ). Higher genetic variation in diet breadth could actually help top predators to stabilize different energy channels in food webs, which has been shown to increase food web stability [76] . Variation in life-history traits other than growth rate could affect food web structure. For instance, variation in propagule size could affect food web interactions. In simulations (figure 1), I have implicitly assumed that all species and genotypes have identical propagule (egg) sizes. However, substantial variation in propagule size has been documented both within and across taxa (e.g. [77] ), and a positive correlation between female body size and propagule size has been well established across spider species [78] . Whether genetically correlated with female growth and body size or not, variation in propagule size could also contribute to the number (and strength) of links established by populations embedded in food webs, as affecting the body size ratio between the offspring and other members of the food web will indirectly affect offspring variation in vulnerability and generality.
Furthermore, growth rates may be linked to animal personalities [79, 80] , in the sense that faster growth rates may be genetically correlated to boldness (e.g. the degree of predation risk taken while foraging) and aggression (e.g. the degree to which encountered prey are attacked). Thus, animal personalities have the potential to play a central role in determining 'who eats whom' in food webs and thus in food web structure. First, genetically driven aggression can determine to what extent a predator will attack an encountered prey and, importantly, will positively explain growth rates. In addition, the more aggressive individuals in the population will attack prey at relatively lower predator -prey body size ratios, or will even attack potentially dangerous prey. Hence, populations with high genetic variation in aggression levels will include a wider range of individual types: those that attack prey more readily, and those that are less prone to attack relatively large or dangerous prey, thus potentially contributing to increase the number of links in the web by allowing intraspecific resource partitioning. Notice that despite the (genetic) correlation between growth rates and aggression, there is an aggression effect that would be independent of the effect of genetic variation in growth rates. Growing at different rates from differences in aggression can indirectly increase the connectance of the web by increasing the differences in body size between predators and prey. Thus, aggression may have two effects, one indirect by virtue of its genetic correlation with growth rates-and the subsequent increase in the range of body sizes within the population-and another, more direct, effect that confers variation in attack rates regardless of the predator-prey body size ratios. Another personality trait, boldness (as opposed to shyness) may also be positively correlated to growth rates [79] , and genetic variation in boldness could also independently affect food web structure. Bold individuals will be more active at prey searching, and as a consequence they will be both more exposed to other predators and will find more prey, thus having the chance to establish more links with both predators and prey. Shy individuals, on the other hand, will search for prey less often and will therefore be at lower predation risk, having a lower diversity or predators that attack them (lower number of links). However, shy individuals will also encounter relatively fewer potential preys during their lifetimes and will have a lower chance to be choosy with what they eat. The net food web effect of having higher or lower genetic variation for boldness in populations could thus be a higher number of links established by resource partitioning (generality) between bold (picky by encountering a higher diversity of prey) and shy (tend to eat all they find). Similarly, in intermediate consumers, having high variation in boldness could promote resourcepartitioning among their predator species, with some species feeding more likely on bold (mobile) individuals and other species feeding on the shy (sedentary) individuals, thus also contributing to increase the number of links (increase vulnerability).
Moreover, behavioural syndromes [81, 82] show how aggression and boldness may be positively correlated, and how these two behavioural traits may even be correlated across contexts (e.g. generalist predators behaving in the same way when encountering a predator as when encountering a prey). Relative to tame and shy individuals, aggressive and bold individuals will be able to encounter a greater variety of prey and to attack more dangerous prey. Thus, both personality traits have the potential to act synergistically on intraspecific resource-partitioning.
However, although behavioural syndromes may constrain behavioural plasticity [81, 82] , fine-tuning context-dependent behaviour is also widespread (e.g. [83 -87] ), and thus the constraint imposed by the correlation between personality traits may be frequently overcome. Behavioural plasticity could even potentially allow individuals to escape from the correlation between personality traits and growth rates (see a few examples in table 1 of [79] ). For instance, individuals could potentially behave boldly and aggressively when searching and encountering potential prey, and hide and behave shyly when they assess the risk of predation from the presence of predators in their home ranges. Moreover, rather than constraining behavioural plasticity, behavioural correlations may be the consequence of adaptive phenotypic plasticity [88] . Thus, the degree to which behaviour may be flexible or constitutive may have non-trivial consequences to food web structure. A few recent models have actually been very successful at predicting food web structure, robustness and stability by including adaptive flexible behaviour (both foraging and antipredatory) in food webs [89 -93] . However, population dynamics in large food webs may be less dependent on behavioural flexibility than in small food webs [94] . Nevertheless, behavioural flexibility is actually at the core of behaviourally (or trait) mediated indirect interactions in food webs [95, 96] , by which the (indirect) effect of one species on a third species may depend on the behaviour of the second (intermediate) species. Thus, the genetic architecture of growth rates and personalities can affect both food web structure as well as indirect ecological effects in food webs (i.e. food web dynamics). Interestingly, recent findings show how past predatory pressure can actually determine the amount of genetic variation in the expression of personality behaviours [97] , which implies that, in the context of predator-prey interactions, flexible behaviour and animal personalities are also heritable [98] . Clearly, future research should investigate the role that genetic variation in animal personalities has on food web structure and dynamics.
In summary, there are a number of traits (life history, morphological, behavioural) whose genetic variation has the potential to greatly affect food web structure and dynamics. Different traits may affect food web structure either synergistically, by virtue of strong between-trait genetic and phenotypic correlations, or additively (i.e. independently of each other), as suggested by the above results for growth rates and phenology. Thus, both genetic variation and genetic diversity (across axes of variation in multivariate phenotypes) should be considered. Whether flexible or constitutive, the role that multivariate phenotypic variation plays in food web structure should be investigated both theoretically and empirically.
CONSEQUENCES OF INDIRECT GENETIC EFFECTS IN FOOD WEBS
Genetic variation can also act indirectly, by which the genetics of an individual can potentially change the expression of genes in another individual with which it is interacting. These indirect genetic effects [99, 100] can potentially have important effects in food webs. In particular, non-lethal predator -prey interactions have important fitness consequences on prey [101] and can thus be affected by interspecific indirect genetic effects (IIGEs). For instance, the persistent presence of the most genetically aggressive and bold individuals of a predator population may change the behaviour of the frightened consumers by either forcing a decrease in their activity and metabolic rates, or forcing their emigration to safer habitat patches. This change of genetic expression can then have important consequences on basal resources, increasing owing to the lack of consumption by the frightened consumers (i.e. a trait-mediated indirect interaction-see above). Thus, indirect genetic effects could potentially trigger indirect ecological effects and in turn modify the structure of the food web.
CONSEQUENCES OF GENETIC VARIATION FOR METACOMMUNITY DYNAMICS OF FOOD WEBS
A metacommunity is a set of communities linked by dispersal of the multiple species that integrate them [102] , and the process of extinction -colonization in/ of patches by each species governs the dynamics of metacommunities [103] . The spatial dynamics of food webs has been typically studied using food web modules; e.g. a three-trophic food chain embedded in a more complex food web. In general, the spatial dynamics of food web modules depend on the complexity of the module and on the mobility of the different trophic levels [104] . For instance, a top predator in a food web module including a basal species and an intermediate consumer, will persist if [105] :
where h 1 is the proportion of suitable patches in the landscape for the basal species, and e k and c k are the extinction and colonization rates of the basal species (k ¼ 1), the intermediate consumer (k ¼ 2) and the top predator (k ¼ 3). If the three species are predators with nested diets (as is likely the case in modules of the food web of the above simulations), populations of basal species with higher genetic variation for different traits could be able to establish in a wider number of patches, thus increasing h 1 and the chances that the top predator persists in the metacommunity. Furthermore, with increasing genetic variation, any species in the food web module could increase its chances to colonize new patches because they would hold the potential to establish food web links with a higher number of other prey species (generalization) outside the module. Low genetic variation, on the other hand, would increase the chances of local extinction by a lack of generality (e.g. lack of including individuals with genotypes that allow feeding on alternative prey outside the module). In general, populations holding higher amounts of genetic variation in traits that are central to food web interactions will be more able to persist in metacommunities by the higher chance of holding genotypes which will successfully establish new food web links upon arrival to novel patches. Additionally, with increasing genetic variation, an increase of the probability for arriving species to establish more links should feed back to the entire network, increasing the chances of the interconnected species to persist locally (i.e. increased robustness). This should be more relevant when metacommunity dynamics is driven by mass effects [106] , and relatively large numbers of individuals arrive to novel patches, thus allowing the environment (i.e. the established food web) to filter the arriving genotypes. Even if these genotypes sink in the arrival patch (i.e. do not reproduce), they could still establish temporary links that could momentarily help the entire network.
FUTURE DIRECTIONS
My preliminary results suggest that reasonable amounts of variation in growth rates and phenology within populations can shape food web structure. However, several of the assumptions made may not hold for naturally assembled food webs and some of them may even have important consequences for the results obtained. For instance, phenotypic variation in growth rates and phenology is not only genetic, but has a strong environmental component as well (e.g. food availability and/or quality- [49, 60, 71] ). However, as environmental effects on genetic expression can also be heritable (e.g. [97, 98, 107] ), and as phenotypic variation may have such profound effects on food web structure and dynamics, investigating the effect of phenotypic and individual variation in food webs seems promising. Actually, the biotic environment can have strong effects on phenotypic plasticity, particularly in predator-prey interactions [108, 109] . Furthermore, growth rates and phenologies are probably more variable among species than has been simulated here, as some of the species in the food web are not univoltine but instead take more than 1 year to mature. For instance, the parameters x 0 and b in equation (2.4), which were assumed to be the same for all predator species, likely change substantially from species to species. Information on real growth rates and phenologies, and how they vary within species, is necessary to understand better the effect of genetic variation in food webs.
As some of the above assumptions could be unrealistic, to test for the generality of these findings I simulated two different amounts of genetic variation in three other species/groups in the food web above (the largest, Agelenopsis; the second smallest, Erigoninae and another intermediate predator, the centipede Lithobius) and contrasted them with the other species in the food web, assuming, as with Xysticus, no genetic variation in the other species. The results were qualitatively consistent with the above simulations (not shown). However, understandably, the results were sensitive to the threshold ratio (R) at which the same qualitative effects as with Xysticus were found. Interestingly, the room for vulnerability (or its variability) did not covary with genetic variation in any of the species. Further work with other food webs is needed to test for the generality of this last finding.
Recent food web models have been successful in predicting the stability and the robustness of food webs [20,28 -32,36,38,39,72,110] and some even include body size as a central trait (e.g. [46, 89, 93] ). Most recently, two models have been successful in using foraging theory and individual behaviour subject to metabolic constraints to predict food web complexity [89, 93] . One of these papers [93] calls for the need to add new traits to food web models. Explicitly including growth rates, phenology and the other traits mentioned above, as well as individual variation around them, could improve the predictive capabilities of food web models.
The assumption made here that body size and abundance are the only constraints to determine 'who eats whom' in the food web is probably too simplistic. Although it served as a first approximation to uncover how the amount of genetic variation could affect the potential generality and vulnerability of an intermediate predator embedded in a poorly solved food web, more realistic approximations are needed. For instance, allometric metabolic constraints [111] and other body allometric constraints such as energy content of potential prey, predator attack rate and handling time, will largely determine the efficiency of individuals depending on their size [93] . Faster growing individuals could either be metabolically less efficient, expending more energy per unit of growth, particularly if growth rate is correlated with boldness and aggression, or could attain faster growth rates by increased assimilation efficiency (i.e. the proportion of ingested mass that is successfully converted into own mass). Defences others than size and the spatial distribution of the different species, will also affect 'who eats whom'. Therefore, all these parameters should be considered in future studies addressing the question of how genetic variation may affect food web structure and dynamics.
Future analytical and simulation models should consider how phenotypic and genetic variation and diversity (e.g. multivariate phenotypes including a few traits) in one or in several of the species embedded in food webs may affect the structure, dynamics, robustness and stability of the network. These models should include metabolic constraints, demographic parameters and basal resources. Furthermore, models should be developed to test some of the ideas outlined above, such as (i) the effect of increased genetic variation on trophic level omnivory and the subsequent dampening of trophic cascades, (ii) how genetic variation may affect metacommunity dynamics, and (iii) what is the role of indirect genetic effects in food web dynamics. Spatially explicit individual (or agent)-based models [112] are a promising tool to tackle this complexity. However, an important previous and non-trivial task will be to gather the necessary data for model parametrization.
Albeit tedious, the role of genetic variation in natural (or artificial) food webs can also be nicely addressed experimentally. Focusing on a target species (e.g. an intermediate predator), one can use quantitative genetic designs (e.g. half-sib designs- [107] ) to create replicated experimental food webs (e.g. in mesocosms) or food web modules that include different amounts of genetic variation for some of the traits described above. Ideally, the heritability of these traits should be measured prior to (or during) experimentation, for which the same quantitative genetic design as above (and even individuals of the same families) could be used. One should then test whether food web structure changes and how this determines its dynamics, not only at the level of direct interactions on the target species, but also at the level of indirect interactions, as it is very likely that the effect propagates through the web (e.g. increased genetic variation dampening trophic cascades). Solving food webs quantitatively is not an easy task [113] [114] [115] . However, as modern molecular techniques [116] are being developed, this endeavour is becoming increasingly more feasible. Finally, and ideally, variations of the above experiments, complemented with computer simulations, could also be used to assess the robustness and stability of experimental webs holding different amounts of genetic variation within their interacting species.
CONCLUSION
Genetic variation in growth rates and phenology within intermediate predators embedded in food webs can potentially affect crucial parameters that are key to ensuring the robustness and stability of the food web, namely connectance, the distribution of interaction strengths, omnivory and looping. Future studies should incorporate a larger number of traits (e.g. multivariate phenotypes), and use more realistic food web data in individual-based models that seek to investigate the dynamics of different food webs. Analytical models and experimental tests are also greatly needed.
Importantly, if a link between genetic variation and food web robustness and stability is established, this would involve a novel way to link genetic variation and diversity to the maintenance of species in communities (see [7, 52] for reviews). Hence, maintaining functional genetic diversity within populations may have important consequences not only for the maintenance of the target species, but also for the maintenance of the entire tangled web in which this species is embedded. This has relevant implications in conservation biology, as it would add an important new reason to preserve genetic diversity within species. 
